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INTRODUCTION 
The amount of genetic gain per year in a breeding program is directly 
related to the number of years required to complete a cycle of selection 
(Eberhart, 1972; Fehr, 1976; Fehr, 1978). This concept is of paramount 
importance in comparing alternative breeding strategies for cultivar 
development in soybeans [Glycine max (L.) Merrill] and other crops. 
The number of years per cycle of selection can be influenced by the 
type of plot used for evaluation of characters. Replicated hill plots 
can be planted with seed from a single plant of soybeans, whereas a gener­
ation of seed increase is necessary to plant row plots. Although hill 
plots could reduce years per cycle, their use would be contingent on 
their ability to identify superior genotypes as effectively as row plots. 
Comparisons of hill and row plots for soybean evaluation have been 
made with elite lines and cultivars. Sentz (1958) reported that the 
relative ranking of lines in nonbordered hill plots spaced 102 x 102 cm 
and single row plots 102 cm apart was comparable for height and maturity, 
but not for yield. Torrie (1962) reported phenotypic correlations between 
nonbordered hill plots spaced 91 x 91 cm and single row plots 91 cm apart 
of 0.74 for yield, 0.89 for height, 0.91 for maturity, and 0.63 for 
lodging. He concluded that relative performance of cultivars was in 
close agreement for the hill and row plots and that only for yield would 
increased replication be required to obtain comparable precision for the 
two plot arrangements. Green et al. (1974) used elite lines and cultivars 
to evaluate the effectiveness of nonbordered hill plots at 51 x 51 cm 
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and 102 x 102 cm spacings for predicting genotype performance in wide 
and narrow row management. Their data suggested that hill plots may 
be suitable for predicting yield, maturity, and height in wide rows, 
but not yield or lodging in narrow row management. 
The primary use of hill plots for soybeans would be for the first 
evaluation of random lines from segregating populations. No comparisons 
of hill and row plots have been made with such germplasm. One objective 
of our research, therefore, was to compare hill and row plots for visual 
evaluation of unselected lines from breeding populations and for 
replicated yield tests. 
Breeders often make visual selection for agronomic traits in progeny 
rows before yield evaluation in replicated row plots (Hanson et al., 
1962; Kwon and Torrie, 1964b; Byth et al., 1969). If progeny testing 
in rows is replaced by direct evaluation in replicated hill plots, it 
would be desirable to discard inferior lines in hill plots before harvest. 
The use of randomized entries complicates the process of selection before 
harvest because of the need to summarize the data, select lines, and 
identify plots to be harvested in a short period of time. One alterna­
tive is to use the same order for entries in each replication. The 
visual ratings for multiple replications could be recorded in adjacent 
columns of a page so that selections could be made readily without com­
puter assistance or extensive hand labor. 
Use of a nonrandom arrangement of entries for replicated tests 
would be contingent on their effectiveness for selection compared with 
conventional randomized designs. The second objective of our research 
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was to compare random and nonrandom designs of hill plots for selection 
of agronomic characters among soybean genotypes. 
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LITERATURE REVIEW 
Plant breeders continuously seek procedures that will improve the 
efficiency of their projects. One consideration involved in the suc­
cessful use of any breeding method is the plot design that best fits 
the objectives and efficiently utilizes the available resources. Hill 
plots represent a departure from the traditional use of row plots and 
may be a viable alternative for improving the efficiency of cultivar 
development by increasing the genetic gain per year of various breeding 
methods. 
Taylor (1908) reported that the minimum plot size used by most 
agricultural research workers in the United States was 0.10 acre. 
Wiancko et al. (1918) only 10 years later suggested that the minimum size 
for small grain plots should be 0-05 to 0.0125 acre. With escalating re­
search costs and the desire to increase the size of breeding populations, 
determining the optimum plot size for various levels of testing within a 
program should be of utmost importance. 
Discussion still continues as to the optimum plot size. Bordered 
row plots have been generally accepted for final evaluation of genotypes. 
But, just as opposition was raised when Norton (1907) first proposed'the 
rod row, questions are still being posed concerning the utility of hill 
plots in various crop species. The ear-to-hill method introduced by 
Jones and Singleton (1934) marked a departure from traditional row 
plots. The larger volume of material and reduced area for testing were 
cited as the major advantages for the method. 
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Bonnett and Bever (1947) proposed the use of hill plots in cereal 
crops as a means of progeny testing selections early in a breeding cycle 
as well as for cultivar purification and screening for disease resist­
ance. Such a plot design would allow for replicated evaluation of 
unselected material or genetic studies where seed supply and land were 
limiting or the number of genotypes to be tested was large. 
Ross and Miller (1955) extended the use of hill plots to include 
replicated yield trials. They reported significant correlations for 
yield of oat cultivars in hill and row plots in five of six comparisons. 
Only four of seven correlations were significant when the same compari­
sons were made with barley, but with both crops variability in hill 
plots was always higher. They concluded that data on heading date, height, 
lodging, or test weight were not precise enough in hill plots, but that 
a yield test in hill plots should supplement conventional testing 
methods. 
Weiss et al. (1947) suggested that the elimination of undesirable 
material early in a breeding program should reduce the number of lines 
to be extensively tested and thereby increase the probability of select­
ing desirable segregates. Jellum et al. (1963) combined the idea of 
early generation bulk testing and hill plots in screening widely divergent 
oat crosses. Variance component estimates and simulated selection from 
single and combined environments showed good agreement between the hill 
and row plots. The coefficient of variation for hill plot yield was 
approximately twice that for the rows. 
Frey (1965) reported on extensive work with hill plots of oats. 
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Coefficients of variation for grain yield ranged from two to five times 
greater in hill plots than rod rows. However, coefficients of varia­
tion for height, weight per volume, spikelets per panicle, panicles 
per plant, and 100-seed weight were similar for the two types of plots. 
The genetic correlation between rod rows and hills measured on the same 
cultivars for grain yield was 0.98, 0.96 for height and 0.96 for heading 
date. 
Khadr et al. (1970) in Egypt compared hill plots and row plots for 
testing wheat lines. They reported the coefficient of variation as 
being twice as large for hill plot yields and stated that the number of 
entries in common for the highest yielding and lowest yielding 25% 
of each design justified the use of hill plots in large, unselected 
populations. 
Baker and Leisle (1970) also compared hill and row plot arrangements 
in wheat. They found high genetic correlations between the two arrange­
ments for yield and yield components. The cultivars expressed a greater 
range for yield in hill plots than in row plots. They concluded that 
hill plots should be useful in genetic studies and early generation 
selection. 
Smith et al. (1970) studied competition among oat varieties grown 
in hill plots. Competition was a significant factor in the 30 cm spaced 
hills, but blocking material by maturity was suggested to help reduce 
the effects. They agreed with other small grain researchers that hill 
plot testing should be useful for preliminary screening to eliminate 
inferior genotypes from breeding populations. Justification for such a 
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conclusion was based on the fact that elimination of lower yielding 
cultivars in single hill plots would not have resulted in the discarding 
of high yielding entries in row plots. 
Researchers have noted the reduced precision of yield testing in 
hill plots, but have generally agreed that hill plots can be effectively 
used in the early phases of small grain breeding programs. Soybeans, 
however, represent an entirely different crop species and have not been 
as extensively studied in hill plots. Despite results that suggest hill 
plots may be useful in early generation screening, very few soybean 
researchers utilize them in their programs. 
The amount of genetic gain per year in a breeding program is 
directly related to the number of years required to complete a cycle of 
selection (Eberhart, 1972; Fehr, 1976; Fehr, 1978). This concept is of 
paramount importance in comparing alternative breeding strategies for 
cultivar development in soybeans and other crops. 
The number of years per cycle of selection can be influenced by 
the type of plot used for evaluation of characters. Replicated hill 
plots can be planted with seed from a single soybean plant, whereas a 
generation of seed increase is necessary to plant row plots. Various 
hill arrangements were illustrated by Fehr (1978). The use of single, 
nonbordered hill plots was reported by Fehr and Ortiz (1975) as a pro­
cedure that would reduce the time required to complete a cycle of re­
current selection. Kenworthy and Brim (1979) used replicated nine-hill 
plots to test performance in a recurrent selection program for seed 
yield in soybeans. Although hill plots can reduce years per cycle. 
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their use is contingent on the ability to identify superior genotypes 
as effectively as row plots. 
Sentz (1958) reported that the relative rankings of soybean lines 
in nonbordered hill plots spaced 102 x 102 cm and single row plots 
spaced 102 cm apart and 3 m long were similar for height and maturity, 
but not for yield. Yield in rows was higher, and the soybeans were 
later in maturity and taller when grown in rows. Torrie (1962) showed 
seed yield and height of soybean cultivars to be greater in single 5.5 m 
row plots spaced 91 cm apart than in nonbordered plots spaced 91 x 91 cm. 
Maturity and lodging were similar in the two plot designs. He con­
cluded that the relative performance of cultivars was in close agreement 
for all the characters, but more replication was necessary for yield 
testing in hill plots than in row plots to obtain comparable precision. 
The importance of competition as a source of variation in hill 
plots of soybeans was studied by Brim and Schutz (1968). They reported 
significant intergenotypic competition, with certain genotypic combina­
tions exhibiting overcompensatory effects. A nine-hill field plot was 
suggested that would remove 70% of the competitive bias found in single, 
nonbordered hill plots if the inner five hills were harvested. 
Shannon et al. (1971a, 1971b) studied the competitive effects of 
soybeans to obtain the optimum spacing and population density required 
for evaluation of agronomic traits in single, nonbordered soybean hill 
plots. Results showed that hills spaced greater than 92 cm apart had 
negligible competitive effects for yield, lodging, height, maturity, 
or seed size. Intermediate spacings of 56 to 65 cm were suggested to be 
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optimum because competition would not be predominant and differential 
response to more space should be reduced. Population densities of 3 to 
12 plants per hill yielded the same at spacings less than 65 cm for 
'Harosoy 63* and less than 104 cm for 'Clark 63'. 
As soybean production has shifted toward narrow row management, 
research has been directed at examining the effectiveness of selection 
of agronomic traits in hill plots for predicting performance under such 
management. Green et al. (1974) found that nonbordered hill plots at 
51 X 51 cm and 102 x 102 cm spacings were adequate for predicting yield 
performance, height, and maturity in wide rows. However, the hill plots 
were unsuitable for prediction of yield and lodging in narrow row manage­
ment. 
Buzzell and Buttery (1977) used hill plots to screen soybean lines 
for harvest index. No significant differences were found for harvest 
index when the population density ranged from five to ten plants per hill. 
This was in contrast to the row plots where high population densities 
decreased the harvest index. They concluded hill plots were not useful 
in screening strains that might maintain high harvest index at greater 
population densities. 
Breeders often practice visual selection for agronomic traits in 
progeny rows before evaluation in replicated yield tests. Many soybean 
researchers (Weber and Moorthy, 1952; Johnson at al., 1955; Leffel and 
Hanson, 1961; Hanson et al., 1962; Anand and Torrie, 1963; Kwon and 
Torrie, 1964a; and Byth et al., 1969) have sought to establish meaning­
ful correlations between yield and easily distinguishable traits. 
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Byth et al. (1969) summed up the findings of most researchers by stating 
that yield advances from yield evaluation per se far exceeded any indirect 
selection methods. 
Kwon and Torrie (1964b) and Hanson et al. (1962) both suggested that 
visual discrimination of soybean genotypes should be limited to discard­
ing the poor yielding strains. Errors in classification will probably 
increase as the variability within crosses decreases. The literature 
generally suggests that visual evaluation for yield or traits correlated 
with yield lacks the precision for discriminating between medium to high 
yielding genotypes (Fehr, 1978). It appears that combining visual selec­
tion and yield evaluation in hills may represent a more efficient breed­
ing strategy than visual selection during the generation of seed increase 
in progeny rows. 
Fisher (1926) proposed the use of randomization of experimental units 
to avoid any biases or disturbances that may occur in experiments. 
Agronomists have generally accepted this procedure to obtain valid 
estimates of error for making appropriate statistical inferences. How­
ever, in some instances, randomized designs may be impractical. Salmon 
(1953) discussed the general implications of randomization and suggested 
that the need for such an arrangement may vary with the type of experi­
ment. The researcher is left to his own judgment in omitting randomiza­
tion where there are supportive data or physical restraints to warrant 
such action. 
If progeny testing in rows is to be replaced by direct yield evalu­
ation in replicated hill plots, it would be desirable to discard inferior 
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lines before harvest. The use of randomized entries would complicate 
the process of selection before harvest because of the need to summarize 
the data, select lines, and identify plots to be harvested in a short 
period of tize. The alternative is to use the same order for entries 
in each replication. The visual ratings for multiple replications could 
be recorded in adjacent columns of a page, so that selections could be 
made readily without computer assistance or extensive hand labor. 
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MATERIALS AND METHODS 
Ten unselected soybean lines were obtained from each of five inter-
mated populations, API to AP5, developed from four adapted lines and 
four plant introductions of Group I to III maturity (Fehr and Clark, 
1973). The adapted lines were 'Chippewa 64' , 'CallandC1426, and L15. 
The plant introductions were PI 68600, PI 68704, PI 81029, and PI 91150. 
The populations were developed to obtain a percentage of plant introduc­
tion parentage of 100% in API, 75% in AP2, 50% in AP3, 25% in AP4, and 
0% in AP5. Schoener and Fehr (1979) evaluated progeny from 96 plants 
of each population in 1975 and 1976. For our study, 10 of the 96 lines 
were randomly chosen from each population, with the restriction that each 
line mature within three days of ' Amsoy 71 ' to facilitate harvest of the 
experiment. 
Three plots arrangements were used to evaluate the 50 lines. Row 
plots consisted of two nonbordered rows with 69 cm between rows within 
the plot and 102 cm between plots (Gedge et al., 1977; Fehr, 1978). 
Rows were planted 4.6 m long at 26 seeds/m and the center 3.1 m of both 
rows was harvested for yield. The two hill plot arrangements consisted 
of single, nonbordered plots spaced 102 x 102 cm. Twelve seeds were 
sown in a linear distance of approximately 15 cm and the plots were not 
thinned. Hills with less than three plants were considered as missing 
plots and seeds of Amsoy 71 were planted in the hills before adjacent 
plots had plants with one fully developed trifoliolate leaf. 
A randomized complete block design with three replications at each 
location was used for the row and random hill arrangements. For the 
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nonrandomized complete block design, the 50 entries were systematically 
arranged in one replication and the same arrangement was used in every 
replication at each location. The three plot arrangements were grown 
in adjacent tests at Corwith, Ames, Stuart, and Ottumwa, Iowa during 1977 
and 1978. An additional location of rows was grown at Keystone, Iowa 
in 1977 and 1978 to provide additional information on performance that 
was used in evaluating the three plot arrangements. The planting date 
for each environment was as follows: Corwith, 16 May 1977; Corwith, 15 
May 1978; Ames, 8 May 1977; Ames, 16 May 1978; Stuart, 10 May 1977; 
Stuart, 18 May 1978; Ottumwa, 18 May, 1977; Ottumwa, 24 May 1978; 
Keystone, 17 May 1977; and Keystone, 18 May 1978. Ames and Stuart in 
1977 experienced severe drought. Ottumwa in 1978 received a hail storm 
just before stage R1 (beginning flower) with plants at vegetative stages 
V6 to V7 (Fehr and Caviness, 1977) that rated a 35% loss by hail 
insurance adjusters. No environments were deleted from the analyses 
because comparisons were made between plot arrangements and would pro­
vide information on how effective each was over a wide range of environ­
ments. 
The characters evaluated for each plot were seed yield (artificially 
dried at38°C for 48 hours), time of maturity (date that 95% of the pods 
reached their mature color), height (distance from the soil surface to 
the terminal node with a pod at maturity), lodging score (visual rating 
from 1, all plants erect, to 5, all plants prostrate at maturity), and 
phenotypic score (visual rating from 1, most desirable, to 5, least 
desirable). The phenotypic score was relative to a widely grown cultivar. 
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Amsoy 71, that was rated at 2.5. Criteria preferred in phenotypic score 
were large number of pods, resistance to lodging, simultaneous maturing 
of pods and stem, and lack of variability within lines for maturity. 
One weakness cf comparing hill and row plots in the same environ­
ment by the use of correlation coefficients is that failure to achieve 
a coefficient of 1.0 is interpreted as a deficiency in the hill plots. 
Such an interpretation implies that there is no error in the estimate of 
the row values. A more satisfactory comparison of plot arrangements can 
be made by comparing selections made in one environment with their 
average performance in independent, multiple environments. Actual 
genetic gain for yield was computed for each plot arrangement in each 
environment with a 10% selection intensity. The standard for compari­
son, designated the row standard, was the mean performance of lines in 
row plots at all environments except the one in which selections were 
made. Data for Keystone in 1977 and 1978 were always used in the row 
standard because hill plots were not grown in those environments. 
The model used for the combined data was: 
i^ik - V + 'i + Tj + + (TT)y + + (T«)jk + + SijkK 
assuming years, locations, and entries to be random, and where 
y.., = the observation of the kth entry from the jth location in ij k 
the ith year 
W = the true mean effect 
= the effect of the ith year; i = 1 to 2 
Tj = the effect of the jth location; j = 1 to 8 
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Vj^  = the effect of the kth entry; k = 1 to 50 
= the interaction of the ith year with jth location 
(iTv)ik = the interaction of the ith year with the kth entry 
(TV)= the interaction of the jth location with the kth entry 
JK 
(TTTV) .= the interaction of the ith location with the kth entry ij k 
in the jth year 
i^jk£ ~ the replication interactions and random error. 
The analysis of variance and expected mean squares are given in Table 1. 
The method for computing the variance component estimates is given in 
Table 2. Variances of the variance component estimates were calculated 
as follows: 
(ML)2 (M,)^  (M,)^  (M 
" 2 2 2 ^ df+ 2 df+ 2 df + 2 df+ 2^ 
z i y 
, 2 /V' , <"2'' 
2^^ 2 ^ df+ 2 df+ 2^  
«-2. 2 
(*01^  2 2 d^f+ 2 df+ 2^  
r y 
(ML)^  (BL)2 
^^ G^YL^  " ~1 ^ df+ 2 df+ 2^  
2 2(M_)2 
= df-;-2 
where = error mean square, M2 = entry x year x location mean square, 
= entry x location mean square, = entry x year mean square, and 
= entry mean square with df = the appropriate degrees of freedom for 
each mean square. 
Table 1. Form of the combined analysis of variance and expected mean squares 
Source df^  Mean square^  Expected mean square 
Years (y-1) 
Locations (&-1) 
Years x locations (y-l)(£-l) 
Reps (years x locations) &y(r-l) 
Entries (n-1) 5^ 
2 
a 
e 
+ 
'"OÏL + "^ "GY 
Entries X years (n-1)(y-1) a" 
e 
+ 
'4L 
+ 
Entries X locations (n-l)(%-l) 3^ 
a2 
e 
+ 
"GYL 
+ ry°GL 
Entries X years x locations (n-1)(y-1)(£-1) 2^ 4 + "GYL 
Error £y(n-l)(r-1) 1^ 
y, a, r and n are number of years, locations, replications and entries, respectively, 
b. to are observed values for the different mean squares. 
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Table 2. Method of computing the variance component estimates 
Variance component Method of computation^  
Entries (a^ ) 
Entries x years (a 
GY) 
Entries x locations ) 
oL 
Entries x years x locations 
M5 + M2 - — Mg 
r&y 
M4 — M2 
ri 
M3 - M2 
ry 
M2 - Ml 
Error (o^ ) M, 
r, I, and y are the number of replicates, locations and years, 
respectively. M^ , M2, M3, M^ , and M5 are mean squares for error, entry 
x year x location, entry x location, entry by year, and entry, 
respectively. 
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Variance components were used to compute heritability estimates on 
an entry and plot basis as follows (Hanson et al., 1956): 
2 
h' -
entry 2^ + + ^ 2^ /^  + ^ 2^ /^  
2 
Pl"' ol + al + 
9 2 
where is the entry or genotypic variance component estimate, is 
2 the error variance component, is the entry x location x year vari-
2 2 
ance component, is the entry x year variance component, and is 
the entry x location variance component. The number of replications 
is r, the number of locations, £, and the number of years, y. 
The theoretical variance of an entry mean was calculated as: 
of of 2 2 
e + *GLY + _GL 
rily £y y ^ £ 
and can be used in determining the optimum allocation of resources in 
terms of replicates, years, and locations for different arrangements. 
Phenotypic and rank correlations were computed as described by 
Snedecor and Cochran (1967). Genotypic correlations were calculated 
from the appropriate analyses of variance and covariance using the 
corresponding mean cross products (Baker and Leisle, 1970). 
Genetic gain per year (AGy) was predicted for the three plot arrange­
ments using the equation by Eberhart (1972): 
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where AG = the genetic gain per year, k = the selection differential 
2 in standard units, = the additive genetic variance estimate, y = the 
number of years per cycle, and = the square root of the phenotypic 
variance. 
A basic assumption in the analysis of variance is that treatments 
are assigned at random to the experimental units (Fisher, 1926). Failure 
to meet the assumption may result in an underestimation or overestimation 
of variance component estimates or inequality of precision in certain 
comparisons among treatment means. Because of the potential bias, the 
analyses of variance and covariance involving nonrandom hills were used 
only to compute coefficients of variation and genotypic correlations. 
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RESULTS 
Significant variation existed among entries in the random hill 
arrangement (RH), nonrandom hill arrangement (NRH), and row arrangement 
(R) for yield, maturity, height, lodging, and phenotypic score (Tables 
3, 4, 5, 6, and 7). The main effects of year and location and the year 
X location interaction were also significant. This was indicative of 
the diverse environmental conditions at the eight locations in Iowa in 
1977 and 1978. 
Selection for Seed Yield in Hill and Row 
Plots of Soybeans 
The mean yield across entries and environments was 23.1 q/ha for 
RH, 23.2 q/ha for NRH and 29.8 q/ha for R. The mean yields were sig­
nificantly lower in hill plots, which was expected because of the rela­
tively large spacing between hills (Table 8). The lower yield of hill 
plots was not of practical importance because it did not reduce the 
estimate of genetic variability (Table 9). 
The variance component estimates for yield were comparable for the 
2 three plot arrangements, except for experimental error (a ) (Table 9). 
2 
The estimates of were twice as large for the hill plots as for the 
rows. Heritability estimates, however, were only slightly higher for 
row plots than hill plots. 
To obtain an estimate of the relative efficiency of hill and row 
plot designs with different resource allocations, the theoretical vari­
ance of an entry mean was calculated. Assuming a constant number of 
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Table 3. Combined analysis of variance for yield (g/plot) in the three 
plot arrangements at eight environments in 1977 and 1978 
Mean square 
Nonrandom hills Random hills Rows 
Year 1 483,687** 387,936** 69 ,166,088** 
Location (Loc) 3 407,417** 352,188** 20 ,679,791** 
Year*Loc 3 643,313** 531,347** 18 ,537,169** 
Rep (Year*Loc) 15 6,882** 3,390** 83,618** 
Entry 49 12,033** 11,945** 270,607** 
Year*Entry 49 2,555** 2,522** 46,561** 
Loc*Entry 147 1,807* 1,721* 26,569** 
Year*Loc*Entry 147 1,358** 1,291** 18,321* 
Error 784 826 879 11,252 
CV% 12.3 13.3 7.3 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 4. Combined analysis of variance for maturity in the three plot 
arrangements at eight environments in 1977 and 1978 
Source Mean square 
Nonrandom hills Random hills Rows 
Year 1 823. 36** 271, .70** 3777, ,20** 
Location (Loc) 3 10767, .22** 10833, .53** 14007. ,30** 
Year*Loc 3 636, .39** 763. 62** 540. ,24** 
Rep (Year*Loc) 16 4. ,40** 15. 56** 18. 72** 
Entry 49 44. ,51** 49. ,00** 46. 03** 
Year*Entry 49 8. 65* 8, ,55** 9. 25** 
Loc*Entry 147 5. 72 5. 34 3. 81 
Year*Loc*Entry 147 5. 94** 4. 21* 4. 48** 
Error 784 1. 55 3. 34 1. 63 
CV% 2.8 4.1 3.0 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 5. Combined analysis of variance for height (cm) in the three 
plot arrangements at eight environments in 1977 and 1978 
q Mean square 
ource Nonrandom hills Random hills Rows 
Year 1 12864 .20** 9798 .37** 5170 .90** 
Location (Loc) 3 7559. 43* 6053 .93** 9979 .96** 
Year*Loc 3 21886. 16** 19823. 42** 90252 .98** 
Rep (Year*Loc) 16 191. 65** 118. 95* 154. 49** 
Entry 49 1614. 21** 1846. ,05** 833, .06** 
Year*Entry 49 109. 98 123. ,61 104, .24 
Loc*Entry 147 92. 75 79. 05 74. 43 
Year*Loc*Entry 147 132. 44** 143. 37** 83. ,28** 
Error 784 57. 11 65. 20 38. 82 
CV% 9. 6 10. 3 7. 5 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 6. Combined analysis of variance for lodging in the three plot 
arrangements at eight environments in 1977 and 1978 
- Mean square 
Nonrandom hills Random hills Revs 
Year 1 41 .78** 22. .63** 11 .06** 
Location (Loc) 3 15. .88** 34. .84** 91, .42** 
Year*Loc 3 6, .90** 3. 53** 53, .29** 
Rep (Year*Loc) 16 0. 40** 0. .62** 0. .59** 
Entry 49 3. .19** 3. 08** 4. .79** 
Year*Entry 49 0. 34 0. 39 0. 50 
Loc*Entry 147 0. ,30 0. 31 0. 31 
Year*Loc*Entry 147 0. 29** 0. 28** 0. 35** 
Error 784 0. 13 0. 20 0. 12 
CV% 10. 4 12. 9 12. 0 
**Indicates significance at the 0.01 probability level. 
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Table 7. Combined analysis of variance for phenotypic score in the 
three plot arrangements at eight environments in 1977 and 
1978 
Source df Mean square 
Nonrandom hills Random hills Rows 
Year 1 2.95** 0.01 0.43 
Location (Loc) 3 1.61** 3.78** 3.88** 
Year*Loc 3 4.47** 0.57 3.51** 
Rep (Year*Loc) 16 0.27** 0.37** 0.26** 
Entry 49 2.70** 3.18** 3.15** 
Year*Entry 49 0.29** 0.29** 0.39 
Loc*Entry 147 0.26** 0.23* 0.37 
Year*Loc*Entry 147 0.17** 0.17 0.34** 
Error 784 0.11 0.16 0.13 
CV% 9-7 11.8 10.6 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 8. Combined analysis 
plot arrangements 
of variance for yield (q/ha) 
at eight environments in 1977 
for the three 
and 1978 
Source df Mean square F test 
Plot arrangement^  (PA) 2 18,061 15.66** 
R vs. RH and NRH 1 36,108 31.33* 
RH vs. NRH 1 15 0.01 
Environment (Env) 7 19,217 16.65** 
Env*PA 14 1,154 23.80** 
Rep (Env*PA) 48 48 
Entry 49 340 10.63** 
PA*Entry 98 16 1.60** 
Env*Entry 343 26 2.60** 
PA*Env*Entry 686 10 1.25** 
Error 2352 8 
CV% 10.9 
R^H = random hills, NRH = nonrandom hills, and R = rows. 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
Table 9. Variance component estimates and heritabllitles on an entry and plot basis for yield in 
rows, random hills, and nonrandom hills at eight Iowa environments in 1977 and 1978 
combined 
Plot 
arrange­
ment" 
Variance component^ 
GLY GL GY o. 
Heritability 
Entry 
mean 
Plot 
R 
RH 
NRH 
4.77+0.24 
9.42+0.48 
8.84+0.45 
1.00+0.31 
1.47±0.56 
1.90±0.58 
0.58±0.26 
0.77±0.45 
0.80+0.47 
1.00±0.34 
1.10±0.47 
1.07+0.47 
3.81+0.96 
4.01±1.09 
4.03±1.09 
0.80 0.34 
0.75 0.24 
0.75 0.24 
a 2 2 2 
a = error variance, = entry x location x year interaction, = entry x location inter­
a c t i o n , =  e n t r y  x  y e a r  i n t e r a c t i o n ,  a n d  Oq = genotypic variance. 
P^lot arrangement for rows (R), random hills (RH), and nonrandom hills (NRH). 
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plots and ignoring time and cost, the smallest variance estimated from 
varying levels of replicates, years, and locations should denote the 
most efficient allocation. A typical example of resource allocation for 
preliminary evaluation of genotypes using row plots would be two repli­
cates at each of two locations in one year. The estimated standard 
error of an entry mean for such an example would be 1.7 (Table 10). The 
same precision could be attained using hill plots with three replicates 
at each of three locations in one year. To utilize two locations in one 
year would require six replicates of hill plots at each location. 
From the combined analysis of variance across eight environments, 
the coefficient of variation was 13.3% for RH, 12.3% for NRH, and 7.3% 
for rows (Table 3). The range across the eight environments was 8.7 to 
20.0% for RH, 8.9 to 17.2% for NRH, and 4.9 to 15.6% for R (Table 11). 
The genotypic, phenotypic, and rank correlations among the three 
plot arrangements combined across eight environments were positive and 
highly significant (P < 0.01) (Table 12). The genotypic correlation 
coefficient was 1.00 between the two hill arrangements, the phenotypic 
correlation was 0.93, and the rank correlation was 0.91. The correla­
tion coefficients of RH with R and NRH with R averaged to give r values 
of 0.91 for the genotypic correlation, 0.84 for the phenotypic correla­
tion, and 0.81 for the rank correlation. 
The phenotypic and rank correlation of line performance in each plot 
arrangement with their performance in the row standard was calculated 
separately for each of the eight environments. The average phenotypic 
correlation coefficients were 0.61 for RH, 0.59 for NRH, and 0.73 for 
Table 10. Estimated standard errors of entry means from the combined analysis of eight environ­
ments for yield (q/ha) under various resources allocation schemes 
Replications 
2 3 4 
ar- Years 
range- Locations Locations Locations 
ment^  
1 2.9 2.1 1.9 1.7 1.6 2.6 2.0 1.7 1.6 1.5 2.5 1.9 1.7 1.5 1.4 
2 2.1 1.6 1.4 1.2 1.1 1.9 1.5 1.3 1.2 1.1 1.8 1.4 1.2 1.1 1.1 
3 1.8 1.3 1.1 1.0 1.0 1.7 1.3 1.1 1.0 0.9 1.6 1.2 1.0 0.9 0.9 
1 2.8 2.1 1.9 1.7 1.6 2.5 1.9 1.7 1.6 1.5 2.4 1.8 1.6 1.5 1.4 
2 2.1 1.6 1.4 1.2 1.1 1.9 1.4 1.3 1.2 1.1 1.8 1.4 1.2 1.1 1.0 
3 1.8 1.3 1.1 1.0 1.0 1.6 1.2 1.1 1.0 0.9 1.5 1.2 1.0 0.9 0.9 
1 2.2 1.7 1.5 1.4 1.3 2.0 1.6 1.4 1.3 1.3 1.9 1.5 1.4 1.3 1.3 
2 1.7 1.3 1.1 1.0 1.0 1.5 1.2 1.1 1.0 0.9 1.5 1.2 1.0 1.0 0.9 
3 1.4 1.1 1.0 0.9 0.8 1.3 1.0 0.9 0.8 0.8 1.3 1.0 0.9 0.8 0.8 
^RH = random hills, NRH = nonrandom hills, and R = rows. 
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Table 11. Coefficients of variation for the three plot arrangements at 
each environment for yield in 1977 and 1978 
Environment Plot arrangement^  
RH NRH 
Corwith 1977 11.4 9.9 6.4 
1978 13.4 15.0 5.6 
Ames 1977 10.3 14.8 15.6 
1978 11.1 10.2 4.9 
Stuart 1977 8.7 10.7 6.2 
1978 9.9 8.9 5.6 
Ottumwa 1977 20.0 15.0 6.8 
1978 16.8 17.2 8.4 
Keystone 1977 6.4 
1978 ~ 5.9 
Combined 1977 14.0 11.1 8.5 
1978 12.8 12.9 6.0 
1977-78 13.3 12.3 7.1 
E^ntries were highly significant (P < 0.01) for all environments, 
except for R at Ames 1977 which was only significant at 0.025. 
= random hills, NRH = nonrandom hills, and R = rows. 
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Table 12. Genotypic, phenotypic, and rank correlations of entry means 
combined across eight environments for yield of the three 
plot arrangements^ 
Plot arrangements 
correlated 
Genotypic 
Correlation 
Phenotypic Rank 
RH with NRH 
RH with R 
NRH with R 
1.00 
0.91 
0.92 
0.93** 
0.84** 
0.84** 
0.91** 
0.82** 
0.80** 
R^H = random hills, NRH = nonrandom hills, and R = rows. 
**Significant at the 0.01 probability level. 
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R (Table 13). The average rank correlation coefficients were 0.57 for 
RH, 0.54 for NRH, and 0.67 for R (Table 14). 
Truncation selection of superior genotypes for yield in the three 
plot arrangements was compared by determining the percentage of lines 
that had to be retained in each environment or combination of environ­
ments to include the highest yielding lines in the row standards (Table 
15). There were only slight differences among the three plot arrange­
ments for effectiveness of selecting the top two lines with either one 
or two environments per year. Selection of the top three to five lines 
required the retention of more lines in hills than in rows. Use of two 
environments in one year only decreased the percentage of lines that had 
to be retained by an average of 4% across the selection of different 
numbers of top lines. The Duncan's Multiple Range Test indicated 
that the top 10% of the lines (top 5) determined across the 10 environ­
ments of row plots were included in the first significance grouping for 
the entry means combined across the eight environments for random hills 
and nonrandom hills. 
Actual genetic gain was calculated as the difference between the 
average performance of selected lines at each environment as computed 
from the row standard and from the mean of all row standards. Actual 
genetic gain for the row plots ranged from 1.2 to 4.5 q/ha across single 
environments and averaged 3.0 q/ha. The random hills ranged from 1.3 
to 3.8 q/ha and averaged 2.5 q/ha across environments. The nonrandom 
hills ranged from 0.1 to 4.2 q/ha and averaged 2.8 q/ha across environ­
ments. A selection intensity of 10% was used. 
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Table 13. Phenotypic correlation coefficients of the mean performance 
of lines for yield in random hills, nonrandom hills, and 
rows at single environments with their performance in the 
row standards^  
Plot arrangement 
Environment Random 
hills 
Nonrandom 
hills Rows 
h 
Corwith 1977 0.63** 
1 
0.63** 0.80** 
1978 0.53** 0.48** 0.71** 
Ames 1977 0.61** 0.60** 0.75** 
1978 0.62** 0.62** 0.83** 
Stuart 1977 0.60** 0.60** 0.56** 
1978 0.72** 0.66** 0.73** 
Ottimwa 1977 0.55** 0.63** 0.69** 
1978 0.61** 0.52** 0.77** 
Average 0.61** 0.59** 0.73** 
&The row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
D^ifferences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
**Significant at the 0.01 probability level. 
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Table 14. Rank correlation coefficients of the mean performance of 
lines for yield in random hills, nonrandom hills, and rows 
at single environments with their performance in the row 
standards ^ 
Plot arrangement 
Environment 
Random Nonrandom 
Rows hills hills 
b 
L" 
Corwith 1977 0.57** 0.59** 0.72** 
1978 0.49** 0.46** 0.72** 
Ames 1977 0.53** 0.59** 0.66** 
1978 0.58** 0.57** 0.78** 
Stuart 1977 0.57** 0.59** 0.60** 
1978 0.64** 0.46** 0.53** 
Ottimwa 1977 0.58** 0.57** 0.67** 
1978 0.60** 0.47** 0.68** 
Average 0.57** 0.54** 0.67** 
T^he row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
D^ifferences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
**Significant at the 0.01 probability level. 
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Table 15. Percentage of lines required to identify different numbers 
of top yielding lines from the row standard averaged across 
single environments and two environments in one year for 
each of the plot arrangements^  
Plot arrangement^  
Top 
lines RH NRH 
% 
No. Single environments 
1 8 8 9 
2 14 14 11 
3 20 31 12 
4 23 34 16 
5 56 42 35 
Two environments in one year 
1 4 4 6 
2 10 7 7 
3 16 24 9 
4 18 29 12 
5 53 44 29 
T^he row standard represents entry means over all row tests exclud­
ing the single or multiple environments being evaluated. 
= random hills, NRH = nonrandom hills, and R = rows. 
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Predicted genetic gain per year was compared for the three plot 
arrangements using the equation of Eberhart (1972). Two assumptions 
were made in comparing the plot arrangements. (a) Twice the number of 
lines could be evaluated in hills as in rows with the same resources. 
The estimated average cost for a hill plot was $1.05 compared with $2.30 
for a row plot (Table 16). Therefore, a 5% selection intensity was used 
for hills and 10% for rows, (b) An extra year would be required for seed 
increase before the use of row plots. The year value was 3 for hill 
plots and 4 for row plots. Estimates of variance components were from 
the combined analysis of variance (Table 9). There were three replica­
tions in each of two years at four locations for the three plot arrange­
ments. 
The predicted genetic gain per year was 0.64 q/ha for both the 
random and nonrandom hills and 0.41 q/ha for the rows. The lower error 
associated with row plots was more than offset by the larger number of 
lines evaluated and reduction in years per cycle with hill plots. 
Selection for Agronomic Characters in Hill 
and Row Plots of Soybeans 
The mean performance of lines in random and nonrandom hill plots 
was the same for maturity, height, lodging, and phenotypic score (Table 
17). When grown in hill plots, the lines were slightly later in 
maturity, shorter in height, and more susceptible to lodging than in 
row plots. The combined analyses of variance for plot arrangements 
detected significant differences between hills and rows at the 0.01 
probability level for lodging, at 0.05 for maturity and 0.10 for height 
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Table 16. Cost estimate for various operations in hill and row plots 
calculated on the basis of 1000 plots 
Cost 
Operation 
Hills Rows Hills Rows 
dollars % of total 
Seed preparation 105 185 10 8 
Land area 38 336 4 15 
Planting 47 72 4 3 
Weed control 13 59 1 3 
Note taking 50 75 5 3 
Endtrimming — 25 0 1 
Harvesting 489 624 47 27 
Drying 10 40 1 2 
Weighing 34 68 3 3 
Statistical analysis 28 28 3 1 
Equipment 236 783 22 34 
1050 2295 100 100 
38 
Table 17. Mean performance of lines and their standard errors averaged 
across eight environments for characters measured in three 
plot arrangements 
Plot arrangement 
Character 
Random hills Nonrandom hills Rows 
Maturity^  44.2 + 0.4 44.1 + 0.3 42.3 + 0.3 
Height (cm) 79 + 1.6 79 + 1.5 83 + 1.3 
b 
Lodging 3.4 + 0.1 3.5 ± 0.1 2.8 + 0.1 
c 
Phenotypic score 3.4 + 0.1 3.4 + 0.1 3.4 + 0.1 
D^ays after 31 July. 
S^cale of 1 (all plants erect) to 5 (all plants prostrate). 
S^cale of 1 (most desirable phenotype) to 5 (least desirable pheno­
type). 
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(Tables 18, 19, and 20). No difference in mean phenotypic score was 
observed between hills and rows. 
Variance component estimates were used to compute heritabilities 
on an entry zean and plot basis for the characters within each plot 
arrangement (Table 21). The heritability estimates were similar among 
the plot arrangements differing only by a maximum of 0.05 for entry 
mean estimates and by 0.11 for plot basis estimates, even though the 
magnitude of some individual variance components did vary. Coefficients 
of variation differed by a maximum of 2.8% among hills and rows for the 
four characters. 
The correlations of line performance among plot arrangements were 
positive and highly significant for all characters (Table 22). Genotypic 
correlations between random and nonrandom hills were nearly perfect, and 
both hill plot arrangements were similarly correlated with the row 
arrangement. 
The performance of lines in the three plot arrangements at each 
environment was correlated with their mean performance in the row stand­
ard. The average phenotypic correlation coefficients across environments 
were similar for hills and rows for all characters (Tables 23, 24, 25, 
and 26). These data indicate that selection for the four characters 
should be as effective in hill plots as in row plots. 
Visual selection for seed yield and overall agronomic desirability 
was evaluated by choosing the 25 lines (a 50% selection intensity) with 
the best phenotypic score in each environment (Table 27). The frequency 
with which the top 10 lines for seed yield in the row standards were 
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Table 18. Combined analysis of variance for lodging for the three 
plot arrangements at eight environments in 1977 and 1978 
Source df Mean square F test 
Plot arrangement^  (PA) 2 144.00 12.08** 
RH and NRH vs. R 1 287 24.08** 
RH vs. NRH 1 1 0.08 
Environment (Env) 7 75.17 6.31** 
Env*PA 14 11.92 22.07** 
Rep (Env*PA) 48 0.54 
Entry 49 10.33 21.52** 
PA*Entry 98 0.36 1.29* 
Env*Entry 343 0.40 1.43** 
PA*Env*Entry 686 0.28 1.87** 
Error 2352 0.15 — 
CV% 11.8 
R^H = random hills, NRH = nonrandom hills, and R = rows. 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 19. Combined analysis of variance for maturity for the three 
plot arrangements at eight environments in 1977 and 1978 
Source df Mean square F test 
Plot arrangement^  (PA) 2 
RH and NRH vs. R 1 
RH vs. NRH 1 
Environment (Env) 7 
Env*PA 14 
Rep (Env*PA) 48 
Entry 49 
PA*Entry 98 
Env*Entry 343 
PA*Env*Entry 686 
Error 2352 
CV% 3.4 
1366 
2726 
6 
15987 
401 
13 
127 
6 
9 
4 
2 
3.41 
6.83* 
0.01 
39.87** 
30.85** 
11.54** 
1.50** 
2.25** 
2.00** 
RH = random hills, NRH = nonrandom hills, and R = rows. 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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Table 20. Combined analysis of variance for height for the three plot 
arrangements at eight environments in 1977 and 1978 
Source df Mean square F test 
Plot arrangement (PA) 2 
RH and NRH vs. R 1 
RH vs. NRH 1 
Environment (Env) 7 
Env*PA 14 
Rep (Env*PA) 48 
Entry 49 
PA*Entry 98 
Env*Entry 343 
PA*Env*Entry 686 
Error 2352 
CV% 9.1 
8036 
16043 
29 
60028 
5208 
155 
3967 
163 
178 
65 
53 
1.54 
3.08 
0.01 
11.53** 
33.60** 
14.37** 
2.51** 
2.74** 
1.23** 
= random hills, NRH = nonrandom hills, and R = rows. 
**Indicates significance at the 0.01 probability level. 
Table 21. Variance component estimates with their standard errors, heritability estimates on an 
entry mean and plot basis, and coefficients of variation for maturity, height, lodg­
ing, and phenotypic score in random hills, nonrandom hills, and rows combined across 
eight environments 
Plot Variance component® Heritability 
Coef­
ficient 
ar­
range^  
ment 
a2 
e "gly 
2 
°gl 
2 2 
°g 
Entry 
mean 
basis 
Plot 
basis 
of 
varia­
tion 
Maturity % 
rh 3.34+0.17 0.29+0. 17 0.19±0.13 0.36+0.15 1.64±0.41 0.80 0.28 4.1 
nrh 1.55+0.08 1.46±0. 23 0.00+0.16 0.23+0.15 1.50+0.38 0.81 0.32 2.8 
r 1.63±0.08 0.94±0. 18 O.OOiO.ll 0.40±0.16 1.56±0.39 0.80 0.34 3.0 
Height 
rh 65.20±3.30 26.06+5. 65 0.00+3.16 0.00+2.47 74.45+15.29 0.93 0.47 10.3 
nrh 57.11+2.89 25.11+5. 20 0.00±3.12 0.00±2.22 64.33±13.37 0.92 0.44 9.6 
r 38.82±1.96 14.82±3. 28 0.00+2.16 1.75±1.90 30.74± 6.95 0.88 0.36 7.5 
Lodging 
rh 0.196±0.010 0.028±0. Oil 0.005±0.008 0.009±0.007 0.111±0.026 0.87 0.32 12.9 
nrh 0.129±0.007 0.052±0. Oil 0.002±0.008 0.005±0.006 0.118±0.027 0.89 0.39 10.4 
r 0.116+0.006 0.077±0. 014 0.000+0.009 0.014±0.009 0.18010.039 0.89 0.30 12.0 
Phenotypic score 
rh 0.159±0.008 0.005±0. ,007 0.009+0.006 0.010+0.005 0.118±0.027 0.89 0.68 11.8 
nrh 0.110+0.006 0.020±0, .007 0.015+0.006 0.010±0.005 0.09610.022 0.86 0.64 9.7 
r 0.127+0.006 0.072±0, .013 0.004+0.010 0.004±0.007 0.114+0.026 0.87 0. 68 10.6 
'4 
GY 
2 2 
error, CTQTY ~ entry x location x year interaction, OQL 
entry x year Interaction, and Oq = genotypic variance. 
'rH = random hills, NRH = nonrandom hills, and R = rows. 
= entry x location interaction. 
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Table 22. Genotypic, phenotypic, and rank correlations of the mean 
performance of lines combined across eight environments for 
maturity, height, lodging, and phenotypic score in three 
plot arrangements 
Arrangements 
correlated^  Genotypic 
Correlations 
Phenotypic Rank 
Maturity 
RH:NRH 
RH:R 
NRH:R 
RH:NRH 
RH:R 
NRH:R 
RH:NRH 
RH:R 
NRH:R 
RH:NRH 
RH:R 
NRH:R 
0.99 
0.94 
0.89 
1.00 
0.94 
0.93 
1.00 
0.99 
0.98 
Height 
Lodging 
0.91** 
0.86** 
0.81** 
0.97** 
0.89** 
0.89** 
0.92** 
0.91** 
0.91** 
Phenotypic score 
1.00 
0.98 
0.95 
0.95** 
0.91** 
0.88** 
0.89** 
0.84** 
0.79** 
0.98** 
0.89** 
0.89** 
0.92** 
0.92** 
0.92** 
0.93** 
0.85** 
0.83** 
RH = random hills, NRH = nonrandom hills, and R 
**Significaht at the 0.01 probability level. 
= rows. 
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Table 23. Phenotypic correlation coefficients of the mean performance 
of lines for maturity in random hills, nonrandom hills, and 
rows at single environments with their performance in the 
row standards^  
Environment Random 
hills 
Plot arrangement 
Nonrandom 
hills Rows 
Corwith 1977 0.57** 0.54** 0.72** 
1978 0.57** 0.34** 0.60** 
Ames 1977 0.65** 0.39** 0.58** 
1978 0.63** 0.69** 0.74** 
Stuart 1977 0.78** 0.65** 0.72** 
1978 0.72** 0.66** 0.73** 
Ottumwa 1977 0.43** 0.62** 0.60** 
1978 0.63** 0.65** 0.64** 
Average 0.62** 0.57** 0.67** 
T^he row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
D^ifferences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
**Significant at the 0.01 probability level. 
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Table 24. Phenotypic correlation coefficients of the mean performance 
of lines for height in random hills, nonrandom hills, and 
rows at single environments with their performance in the 
row standards^  
Environment Random 
hills 
Plot arrangement 
Nonrandom 
hills Rows 
Corwith 1977 0.86** 0.85** 0.78** 
1978 0.82** 0.66** 0.73** 
Ames 1977 0.78** 0.77** 0.56** 
1978 0.73** 0.75** 0.77** 
Stuart 1977 0.89** 0.81** 0.60** 
1978 0.78** 0.84** 0.79** 
Ottumwa 1977 0.77** 0.74** 0.88** 
1978 0.70** 0.59** 0.57** 
Average 0.79** 0.75** 0.71** 
The row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
Differences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
**Significant at the 0.01 probability level. 
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Table 2 5 .  Phenotypic correlation coefficients of the mean performance 
of lines for lodging in random hills, nonrandom hills, and 
rows at single environments with their performance in the 
row standards^  
Environment 
Random 
hills 
Plot arrangement 
Nonrandom 
hills Rows 
Corwith 1977 0.84** 0.68** 0.88** 
1978 0.71** 0.71** 0.85** 
Ames 1977 0.73** 0.72** 0.83** 
1978 0.71** 0.61** 0.88** 
Stuart 1977 0.69** 0.82** 0.60** 
1978 0.81** 0.80** 0.86** 
Ottumwa 1977 0.72** 0.59** 0.81** 
1978 0.41** 0.62** 0.64** 
Average 0.70** 0.69** 0.79** 
T^he row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
d^ifferences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
^^Significant at the 0.01 probability level. 
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Table 26. Phenotypic correlation coefficients of the mean performance 
of lines for phenotypic score in random hills, nonrandom 
hills, and rows at single environments with their performance 
in the row standards^  
Environment 
Random 
hills 
riot arrangemenc 
Nonrandom 
hills Rows 
Corwith 1977 0.77** 0.78** 0.82** 
1978 0.69** 0.60** 0.66** 
Ames 1977 0.78** 0.73** 0.62** 
1978 0.79** 0.73** 0.86** 
Stuart 1977 0.75** 0.70** 0.50** 
1978 0.70** 0.72** 0.67** 
Ottumwa 1977 0.83** 0.72** 0.71** 
1978 0.56** 0.55** 0.67** 
Average 0.73** 0.69** 0.69** 
The row standard is the mean performance of lines across all row 
environments, excluding the single environment being correlated. 
D^ifferences between correlation coefficients are significant if 
greater than 0.12 (Fisher, 1954). 
^^Significant at the 0.01 probability level. 
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Table 27. The number of top 10 lines for yield in the three plot 
arrangements identified from the row standards that would 
be retained with a selection intensity of 50% for pheno-
typic score at single environments 
Environment Plot arrangement" 
RH NRH R 
Corwith 1977 8 6 7 
1978 8 8 9 
Ames 1977 7 8 8 
1978 9 9 9 
Stuart 1977 7 8 6 
1978 9 9 8 
Ottumwa 1977 7 7 8 
1978 6 7 7 
Average 8 8 8 
^RH = random hills, NRH = nonrandom hills, and R = rows. 
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included in the 25 selected lines was determined. Across environments, 
the average number of the ten lines selected was eight for each of the 
three plot arrangements. Two of the top yielding lines often were not 
visually selected in hills or rows because of their susceptibility to 
lodging and variability for maturity. 
Phenotypic score was highly correlated with yield and lodging in 
the three plot arrangements (Table 28). The phenotypic correlation 
coefficients of yield with phenotypic score for RH was 0.48, for NRH was 
0.35, and for R was 0.47. Lodging with phenotypic score was more highly 
correlated than yield with phenotypic score. However, yield and lodging 
were not significantly correlated for either hills or rows. Other cor­
relations of characters within the plot arrangements indicated that the 
associations were not influenced by the type of arrangement. 
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Table 28. Phenotypic correlations of various characters evaluated in 
three plot arrangements at eight environments combined in 
1977 and 1978 
Correlation^  
Random 
hills 
Plot arrangement 
Nonrandom 
hills Rows 
YLD with PS 
YLD with MAT 
YLD with HT 
YLD with LOG 
MAT with PS 
LDG with PS 
HT with PS 
-0.48** 
0.38** 
0.04 
-0.11 
0.13 
0.78** 
-0.17 
-0.35* 
0.35* 
0.02 
0.11 
0.30* 
0.84** 
-0.19 
-0.47** 
0.48* 
0.10 
0.07 
0.01 
0.62** 
0.01 
L^D = yield, PS = phenotypic score, HT = height, LDG = lodging, 
and MAT = maturity. 
*,**Indicates significance at the 0.05 and 0.01 probability levels, 
respectively. 
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DISCUSSION 
The results indicated that selection for yield and evaluation of 
maturity, height, lodging, or visual selection for agronomic desirability 
can be done effectively in single, nonbordered hill plots planted in a 
nonrandom arrangement across replications. The primary advantage of 
nonrandom hills compared with random hills is that visual selection 
among lines before harvest can be carried out more efficiently. Per­
formance of lines among replications can be easily recorded and compared 
in adjacent columns on a fieldbook page. This is an important consider­
ation when several thousand lines must be evaluated, selected, and 
harvested promptly. Selection for agronomic characters in replicated 
hill plots provides the breeder an opportunity to observe the phenotype 
of a line in different locations within a field or in different environ­
ments. 
There are two primary disadvantages of nonrandom hills compared 
with random hills. First, adjacent lines are compared with more preci­
sion than lines in other parts of a replication. This problem can be 
minimized by limiting the number of entries per replication and, thereby, 
the distance between entries. Secondly, interplot competition may cause 
a bias in performance that may prevent collection of acceptable data for 
a line. For example, if one line has poor vigor in all replications, 
the surrounding hills may have inflated yields. Because the same lines 
always surround the poor hill, no satisfactory data for the lines would 
be available from any replication. This problem can be minimized by 
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replacing missing or weak lines shortly after emergence and by using 
an interplot spacing that minimizes intergenotypic competition. Shannon 
et al. (1971a) found no intergenotypic competition between hills spaced 
93 cm apart for genotypes of maturity group IV or earlier. They indi­
cated that a 56 to 65 cm spacing may be optimal to simulate a popula­
tion density more similar to rows without excessive intergenotypic com­
petition. I prefer a 102 cm spacing because intergenotypic competition 
is minimized, plots can be cross-cultivated for excellent weed control, 
and one can walk through the plots to record data without damaging the 
plants. 
The primary advantage of hill plots compared with row plots for 
yield or visual evaluation of lines is that sufficient seed can be 
obtained from a single plant to grow replicated hill plots without a 
generation of seed increase. Shannon et al. (1971b), using Nelder's 
design la, demonstrated that yield of a hill was the same with 3 to 12 
plants and that maturity was similar for 3 to 12 plants at spacings 
greater than 48 cm. They also reported that lodging increased as plants 
per hill increased at all hill spacings. This range of acceptable plant 
population eliminates the need for thinning if sufficient seeds are 
planted to obtain a minimum of three plants per hill. However, poor 
germination or general seedling vigor as reflected by fewer plants 
should in fact warrant discarding of a genotype and replacement of that 
deficient hill with suitable fill seed. Avoiding a generation of seed 
increase should generally result in fewer years for cultivar development 
and greater potential genetic gain per year. 
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The possibility of visual selection in rows during the generation 
of seed increase can be offset by combining visual selection and yield 
evaluation in hill plots. The use of replicated hill plots for selec­
tion of agronomic desirability does require more labor for seed packag-
ir-, and for planting than unreplicated progeny rows. This disadvantage 
can be minimized by the use of the computer for labeling planting 
envelopes and by facilitating planting and harvesting through more 
efficient mechanization of each process. 
Genotype x environment interaction is an important consideration in 
most breeding programs and will dictate to some extent the resource allo­
cation at different levels of the testing program. If a certain plot 
arrangement affects the interaction substantially more than another, it 
should be carefully noted. Variance component estimates of entry x 
location x year, entry x location and entry x year from the combined 
analyses of yield in each of the three arrangements were not substantially 
different. Therefore, the use of nonrandom hill plots need not involve 
any additional considerations concerning genotype x environment interac­
tions than for testing in row plots. 
In the final evaluation of the utility of hill plots, consideration 
will be given by individual breeders as to how the arrangement can be 
integrated into an existing project and what breeding objectives are 
consistent with such an arrangement. The hill plot arrangement should 
find its optimal utility in the initial screening of lines from breeding 
populations where (a) only a single plant or small supply of seed is 
available, (b) the number of entries to be tested is large, or (c) land 
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area is limiting. 
The results of our study are limited to environments where single, 
nonbordered hill plots can be grown without excessive intergenotypic 
competition. It should be emphasized that hill plots are not considered 
a substitute for row plots at all phases of the testing program. The 
lack of randomization can also result in biased tests of differences 
among genotypes and biased estimates of components of variance. The 
use of nonrandom hill plots should be restricted to the first evaluation 
of lines from breeding populations when randomization prevents efficient 
discarding of inferior material before harvest. 
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CONCLUSIONS 
The results of the study indicate that selection for yield can be 
conducted effectively in single, nonbordered hill plots with lines 
planted in a nonrandom arrangement across replications. Evaluation of 
maturity, height, lodging, or visual selection for agronomic desirability 
can be done as effectively in single, nonbordered hill plots as in row 
plots. This information supports the use of hill plots for the first 
yield evaluation of lines from breeding populations. 
The primary advantage of hill plots compared with row plots for 
yield evaluation is that sufficient seed can be obtained from a single 
plant to grow replicated, nonbordered hill plots without a generation of 
seed increase. The lower land area requirement for hill plots compared 
with row plots permits the evaluation of considerably more lines in hill 
plots. By combining visual selection and yield evaluation in hill plots, 
there should be fewer years for cultivar development and greater poten­
tial genetic gain per year. 
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